There is a well-described association between childhood epilepsy and pervasive cognitive and behavioral deficits. Often these children not only have ictal EEG events, but also frequent interictal abnormalities. The precise role of these interictal discharges in cognition remains unclear. In order to understand the relationship between frequent epileptiform discharges during neurodevelopment and cognition later in life, we developed a model of frequent focal interictal spikes (IIS). Postnatal day (p) 21 rats received injections of bicuculline methiodine into the prefrontal cortex (PFC). Injections were repeated in order to achieve 5 consecutive days of transient inhibitory/ excitatory imbalance resulting in IIS. Short-term plasticity (STP) and behavioral outcomes were studied in adulthood. IIS is associated with a significant increase in STP bilaterally in the PFC. IIS rats did not show working memory deficits, but rather showed marked inattentiveness without significant alterations in motivation, anxiety or hyperactivity. Rats also demonstrated significant deficits in social behavior. We conclude that GABAergic blockade during early-life and resultant focal IIS in the PFC disrupt neural networks and are associated with long-term consequences for behavior at a time when IIS are no longer present, and thus may have important implications for ADHD and autism spectrum disorder associated with childhood epilepsy.
Introduction
Almost 40% of children with epilepsy have comorbid behavioral deficits (Brunquell et al., 2002; Holmes, 2009 ) including ADHD, autism, anxiety and OCD, as well as general learning and memory impairment (Brooks-Kayal, 2010; Brunquell et al., 2002; Cabaleiro, 1969; Dunn et al., 2003; Holmes, 2009; Kaufmann et al., 2009; Levin and Duchowny, 1991) . Many children with these co-morbidities have frequent overt seizures and it is hypothesized that these seizures are partially responsible for adverse outcomes. The association between frequent generalized early life seizures and hippocampal-dependent cognition has been well studied in rodent models and support the view that epileptic discharges disrupt normal development of hippocampal networks (Chang et al., 2005; Huang et al., 1999 Huang et al., , 2002 Liu et al., 1994) . However, conclusions drawn from these models may be confounded by the effects of general brain injury due to hypoxia/ischemia and metabolic imbalance that occur at the time of the generalized seizure (McCabe et al., 2001) . Furthermore these models often focus on the hippocampus, thereby neglecting the neocortical brain regions associated with many of the most common behavioral deficits seen in children with epilepsy. From a clinical perspective, these models also do not adequately model a large group of children with epilepsy who have infrequent seizures despite frequent focal neocortical interictal spikes (IIS) associated with serious cognitive and behavioral impairments, e.g. children with Landau-Kleffner Syndrome or Continuous Spike-wave in Sleep (Gordon, 1990 , 1997 Praline et al., 2003) . Therefore, in order to understand these effects it is essential to develop an animal model that recapitulates the human condition. As no such model currently exists, we set out to develop a model that recapitulates the phenotype of frequent neocortical epileptiform activity through focal alteration of the inhibitory/excitatory balance during childhood in order to test if this is sufficient to generate later life network abnormalities and behavioral deficits.
We chose microinjections of bicuculline, a competitive GABA A antagonist, into the prefrontal cortex to create a model of inhibitory/ excitatory network imbalance leading to focal IIS activity in adolescent rats. This model is clinically relevant as a large body of evidence implicates GABAergic system dysfunction in children with autism and 
